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INTRODUCTION 


The  nuclear  receptor  coactivator  3  (NCOA3;  AIB1/SRC-3)  is  the  only  steroid  receptor 
coactivator  (SRC)  family  member  that  is  amplified  and  overexpressed  in  several  types  of  human 
epithelial  tumors,  such  as  breast  and  prostate  cancer  (1-3).  The  AIB1 /SRC-3  gene  is  amplified  on 
chromosome  20q  in  5-10%  of  human  breast  cancers,  and  is  overexpressed  at  both  mRNA  and 
protein  levels  in  ~30%  of  breast  cancer  cell  lines  and  breast  tumors  (1,2,  4).  The  overexpression  of 
AIB1/SRC-3  or  AIB1-A3  (a  potent  isofonn  of  AIB1)  (5)  in  transgenic  mice  increased  mammary 
epithelial  cell  proliferation,  insulin-like  growth  factor  (IGF-1)  signaling  and  initiated  the 
development  of  mammary  hyperplasia  and  tumorigenesis  (6,  7).  SRC-3  knockout  (SRC-3  ")  mice 
display  decreased  mammary  gland  (MG)  development  during  pregnancy,  abnormal  reproductive 
function,  and  MG  growth  retardation  (8,  9).  The  loss  of  SRC-3  in  MMTV/v-Ha-ras  mice 
suppresses  MG  ductal  hyperplasia,  MG  tumorigenesis  and  IGF-1  signaling  (8-10).  We  have  shown 
that  loss  of  AIB1/SRC-3  in  MCF-7  breast  cancer  cells  decreases  IGF-1  signaling,  IGF-1  receptor 
expression  levels,  and  IGF-l-induced  anchorage-independent  growth  (11).  Consistent  with  a 
central  role  for  AIB1/SRC-3  in  growth  factor  signaling,  we  recently  reported  that  AIB1/SRC-3 
knockdown  by  siRNA  decreases  epidermal  growth  factor  (EGFR/HER1)  phosphorylation,  and 
EGFR-dependent  downstream  mitogenic  signaling  (12).  Taken  together,  the  observations  in  animal 
and  in  vitro  models  indicate  that  AIB1/SRC-3  plays  a  significant  role  in  several  growth  factor- 
induced  pathways  that  are  relevant  to  breast  cancer  cell  survival  and  proliferation. 

One  of  the  most  important  oncogenes  in  human  breast  cancer  is  the  HER2/neu  growth  factor 
receptor  tyrosine  kinase,  which  belongs  to  the  epidermal  growth  factor  receptor  (EGFR/HER) 
family.  HER2/«ew  positive  breast  cancer  responds  to  the  monoclonal  antibody  trastuzumab, 
however,  patients  frequently  develop  resistance  to  the  therapy.  HER2/neu  is  amplified  and 
overexpressed  in  30%  of  human  breast  cancers  and  its  expression  is  correlated  with  negative 
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prognosis  and  shortened  disease-free  survival  (13).  It  has  been  reported  that  the  overexpression  of 
HER2/new  is  correlated  with  high  AIB1/SRC-3  mRNA  levels  in  primary  breast  tumors  (14).  The 
overexpression  of  AIB1/SRC-3  was  also  found  to  be  correlated  with  increased  HER2/new 
expression  and  resistance  to  tamoxifen  in  ER-positive  breast  cancer  patients  (15-17).  These 
findings  suggest  that  the  biological  roles  of  AIB1/SRC-3  and  HER2/«e«  are  linked  in  breast  cancer 
and  that  AIB1/SRC-3  may  increase  the  sensitivity  of  breast  cancer  cells  to  HER2/ne«-drivcn 
tumorigenesis. 

To  assess  the  importance  of  the  interplay  between  AIB1/SRC-3  and  Neu  in  the  development 
and  progression  of  mammary  cancer,  I  generated  M  M T V -Neal SRC- 3  " ,  and  MMTV -Vew/SRC-3" 
mice.  The  MMTV-Vew  mouse  model  overexpresses  wildtype  Neu  in  the  MGs,  resulting  in  an 
activating  transmembrane  mutation  in  the  Neu  transgene  that  promotes  mammary  tumorigenesis 
(18,  19).  This  model  is  ideal  for  studying  the  role  of  AIB1/SRC-3  in  Vew-driven  mammary 
tumorigenesis  because  it  closely  mimics  the  progression  of  human  breast  epithelial  neoplasia, 
driven  by  the  amplification  and  overexpression  of  the  human  homolog  of  HER2/«ew  (ErbB2)  (13). 
Specifically,  I  want  to  detennine  whether  the  loss  of  AIB1/SRC-3  in  MMTV -Neu  mice  alters  the 
mammary  gland  morphology  in  MMTV-Neu  transgenic  mice.  I  propose  that  the  loss  of  AIB1  will 
increase  the  latency  and  decrease  the  incidence  of  HER2/Neu-induced  tumors. 
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BODY 


Task  1  in  my  statement  of  work  required  the  generation  of  female  transgenic  mice  with  the 
following  genotypes:  MMTV-Aen/SRC-3  wildtype  (wt),  M  M  T  V  -  Neul  SRC-  3  heterozygote  (+/-), 
MMTV-Aew/SRC-3  knockout  (-/-),  as  well  as  control  litters  MMTV-AF«,  SRC-3wt,  SRC-3+ '  and 
SRC-3'  "  mice.  In  the  previous  report  I  discussed  differences  in  primary  and  secondary  branching 
of  the  mammary  glands  from  the  AF«/SRC-3wl,  Neul SRC-3+/-  and  Neul SRC-3-/-  mice.  The 
overexpression  of  the  Neu  oncogene  in  mice  is  also  associated  with  extensive  lateral  side  budding, 
an  abnormal  mammary  phenotype  partly  driven  by  increased  growth  factor  signaling  (20).  Thus  the 
preneoplastic  MG  ductal  morphology  in  female  Ahw/SRC-3'V\  Neul SRC-3+/‘  and  New/SRC-3""  mice 
at  3-4  months  of  age  was  compared.  Quantitative  comparisons  of  the  mammary  gland  whole 
mounts  revealed  a  ~2  fold  (p<0.001)  and  ~8  fold  (p<0.001)  decrease  in  lateral  side  budding  in  the 
Neul SRC-3+/‘  and  /Ve«/SRC-3" "  mice,  respectively  (Fig.  1 A  and  1C).  Hematoxylin  and  eosin  (H&E) 
stained  sections  also  showed  comparable  differences  in  lateral  side  budding  when  SRC-3  levels 
were  reduced  in  Neu  mice  (Fig.  1 A  lower  panels). 

Whole  mount  (WM)  analysis  at  later  stages  of  preneoplasia  (6-7  months  of  age)  revealed  a 
considerable  reduction  (>60%,  p<0.001)  of  lateral  side  budding  in  both  the  Ae«/SRC-3  "  and 
New/SRC-3""  mice  relative  to  the  New/SRC-3"'  mice  (Fig.  IB  and  1C).  Consistent  with  previous 
reports  using  the  SRC-3"  mouse  model,  New/SRC-3" '  mice  displayed  decreased  ductal  branching 
(Fig.  1 A  and  IB,  right  panels),  body  weight  and  MG  fat  pad  filling  (data  not  shown)  (8,  9). 
Interestingly,  none  of  these  effects  was  observed  in  the  Neu! SRC-3  ’  mice.  Of  note  is  that  the 
New/SRC3wt  and  New/SRC  3  ~  "  mice  displayed  no  observable  differences  in  ductal  branching  from  3- 
7  months  of  age. 

Next,  the  relevance  of  SRC-3  in  New-driven  hyperplasia  and  tumor  formation  was 
investigated.  Relative  to  the  Neul SRC-3+/'  mice,  New/SRC-3"'  mice,  9-12  months  of  age,  displayed 
more  extensive  lateral  side  budding  and  the  fonnation  of  hyperplastic  alveolar  nodules  (HANs)  in 
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the  MGs  adjacent  to  the  mammary  tumors  (Fig.  2 A).  The  Neul SRC-3'"  mice  displayed  no 
discernible  preneoplastic  changes  (Fig.  2 A). 

The  appearance  of  palpable  mammary  tumors  is  shown  in  a  Kaplan  Meier  plot  of  25 
Aew/SRC-3wt,  23  Aew/SRC-3+/'  and  14  iVew/SRC-3'A  mice  (Fig.  25).  77%  of  the  Neu/SRC-3wt  mice 
developed  mammary  tumors  from  7-15  months  with  a  median  age  of  9  months.  A'ew/SRC-3  mice 
displayed  a  significant  delay  in  tumor  onset,  with  70%  of  the  mice  developing  mammary  tumors 
from  15-24  months  with  a  median  age  of  16  months.  100%  of  the  Neu/SRC-3~"  mice  observed  up 
to  24  months  of  age  were  protected  from  mammary  tumor  formation  (Fig.  25).  Despite  the  delayed 
tumorigeneis  in  the  Neu/SRC3  '  '  mice  there  was  no  difference  in  the  multiplicity  of  tumors  per 
mouse  (Fig  25  lower  panel).  It  was  also  noted  that  iVe«/SRC-3+/"  tumors  had  large  areas  of  necrotic 
tissue  in  all  of  the  tumors  examined  (n=3  mice)  (Fig.  2 Q.  In  contrast,  all  of  the  tumors  from  the 
iVe«/SRC-3wt  mice  displayed  a  noticeable  increase  in  blood  vessels  when  compared  to  the  tumors 
from  the  Neu/SRC-3+ "  mice  (n=8  mice)  (Fig.  2 C).  Relative  to  the  Neu/SRC-3wt  mice,  a  -20% 
(p<0.05)  reduction  was  observed  in  the  average  number  of  blood  vessels  per  field  in  the  Neul SRC- 
3+/‘  mice  (Fig.  2C,  bottom  panel). 

Currently,  I  am  in  the  process  of  investigating  changes  in  cell  proliferation,  cell  cycle 
regulators  (cyclin  D1  and  cyclin  E)  as  well  as  how  the  reduction  of  SRC-3  mediates  Neu  receptor 
activation  and  Neu-induced  downstream  kinase  signaling  pathways  (ie;  MAPK,  JNK  and  AKT). 
The  mediation  of  signaling  and  proliferation  will  be  investigated  using  immunohistochemical  and 
western  blot  assays  for  the  proteins  of  interest  at  both  the  pre-invasive  (3-7  months)  and  neoplastic 
time  points. 
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Figure  1.  Decreased  mammary  gland  lateral  side  budding  in  female  MMTV-TVew  mice  with  reduced 
levels  of  SRC-3  (A  and  B)  Representative  MG  whole  mount  (WM,  magnification:  4x)  (top  panels) 
and  hematoxylin  and  eosin  (H&E,  magnification:  20x)  (bottom  panels)  stained  tissue  sections  from 
mice  at  (A)  3-4  and  (B)  6-7  months  of  age.  The  data  are  representative  of  MGs  taken  from  four 
mice  from  each  genotype.  Black  arrows  indicate  lateral  side  budding  in  WM  and  H&E  stained 
sections.  (C)  Quantification  of  lateral  side  budding  along  the  MG  ducts.  The  number  of  lateral  side 
buds  were  counted  from  10  fields  per  WM  from  each  mouse  (magnification:  lOx).  Data  are 
expressed  as  the  mean  ±  SD  (n=4  mice  from  each  genotype).  *,  p<  0.05  and  **,  p<0.001,  one-way 
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Figure  2.  Reduced  SRC-3  levels  in  MMTV-Ateu  mice  increases  the  latency  of  Aten-driven 
mammary  tumorigenesis  ( A )  Representative  MG  whole  mounts  (WM,  magnification:  lOx)  (top 
panels)  and  hematoxylin  and  eosin  (H&E,  magnification:  20x)  (lower  panels)  stained  tissue  sections 
from  MGs  adjacent  to  tumors  from  Aten/SRC-3wt,  Ateu/SRC-3 +/",  and  Aten/SRC-3"  "  mice.  The  data  is 
representative  of  four  mice  examined  from  each  genotype.  Black  arrows  represent  lateral  side 
budding  and  the  white  arrow  (top  panel)  indicates  the  presence  of  a  typical  hyperplastic  alveolar 
nodule.  ( B ,  upper  panel)  Kaplan-Meier  analysis  of  tumor-free  incidence  comparing  Ateu/SRC-3"1 
with  the  Ateu/SRC-3+/"  and  Aten/SRC-3" "  mice.  (B,  lower  panel)  Quantification  of  the  number  of 
tumors  per  mouse  from  the  Aten/SRC-3 wt  (n=8)  and  Aten/SRC-3  mice  (n=13)  was  analyzed  using 
the  chi-squared  test.  (C)  Photographs  showing  representative  primary  mammary  tumors  harvested 
from  .'Aten/SRC-3"1  (9  months  of  age)  and  Aten/SRC-3+/"  (19  months  of  age)  mice  (top  panels). 
Representative  paraffin-embedded  H&E  stained  mammary  tumors  from  Ateu/SRC-3"1  and 
Ateu/SRC-3+/‘  mice.  Representative  blood  vessels  (BV)  (left  panels)  and  areas  of  necrosis  (N)  (right 
panels).  The  bar  chart  represents  the  quantification  of  the  average  number  of  blood  vessels  per  field 
in  tumors  from  the  Ateu/SRC-3 wt  (n=8)  and  Aten/SRC-3  '  (n=3)  mice.  10  fields  were  counted  per 
mouse  (magnification:  40x).  Data  are  expressed  as  mean  ±  SD.  *,  p<0.05,  Student’s  t-test. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  Pathological  analysis  of  wholemounts  of  the  /Vew/SRC-3wt,  Neu/ SRC-3 +/‘  and  /Vew/SRC-3"‘ 
mice  at  3-4,  6-7  months  of  age. 

•  Histological  analysis  of  H&E  stains  of  the  /Vew/SRC-3wt,  New/SRC-3+/"  and  Neu/SRC-3'1' 
mice  at  3-4,  6-7  months  of  age. 

•  Pathological  analysis  of  tumors  from  the  /Vew/SRC-3wt,  Neu/SRC-3 

•  Histological  analysis  of  H&E  stains  of  the  tumors  from  /Vew/SRC-3wt,  Neu/SRC-3  '. 

•  Quantification  of  tumor-free  incidence  in  /Vew/SRC-3wt,  Neu/SRC-3  and  New/SRC-3‘ " 
mice 

REPORTABLE  OUTCOMES 

This  work  has  been  presented  and  won  the  finalist  award  at  Georgetown  University’s 
student  research  days  poster  competition. 

CONCLUSIONS 

In  conclusion,  this  study  demonstrates  that  SRC-3  plays  a  major  role  in  New-induced 
preneoplastic  phenotypic  changes  and  tumorigenesis  in  the  mammary  gland  of  mice.  Only  a  50% 
reduction  in  SRC-3  levels  in  the  mammary  epithelium  can  delay  HER2/New-driven  tumorigenesis 
and  reduce  the  total  number  of  tumors  that  develop.  In  addition,  the  reduction  in  SRC-3  may  reduce 
the  angiogenesis  in  the  tumors.  Our  results  emphasize  that  targeting  endogenous  SRC-3  could 
provide  greater  efficacy  to  the  current  therapies  used  to  treat  tumors  overexpressing  HER2//V<?w.  I 
am  currently  collecting  data  to  address  which  signaling  cascades  are  mediating  the  phenotype 
observed  in  the  Neu/SRC-3wt,  Neu/SRC-3+/"  and  Neu/SRC-3"  ’  mice. 
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ABBREVIATIONS 

AIB 1-  Amplified  in  breast  cancer  1 
EGF-  Epidermal  growth  factor 
ER-  Estrogen  receptor 
GR-  Glucocorticoid  receptor 

GRIPl-  Glucocorticoid  receptor  interacting  protein  1 

H&E-  Hematoxillin  and  eosin 

IGF-  Insulin-like  growth  factor 

IHC-  Immunohistochemistry 

MG-  Mammary  gland 

MMTV-  Mouse  mammary  tumor  virus 

PCNA-  Proliferating  cell  nuclear  antigen 

PCR-  Polymerase  chain  reaction 

PPAR-  Peroxisome  proliferator-activated  receptor 

RAR-  Retinoic  acid  receptor 

rtTA-  Reverse  tetracycline  transactivator 

SRC-  Steroid  receptor  coactivator 


REFERENCES 

1.  Anzick,  S.  L.,  Kononen,  J.,  Walker,  R.  L.,  Azorsa,  D.  O.,  Tanner,  M.  M.,  Guan,  X.  Y., 
Sauter,  G.,  Kallioniemi,  O.  P.,  Trent,  J.  M.,  and  Meltzer,  P.  S.  AIB1,  a  steroid  receptor 
coactivator  amplified  in  breast  and  ovarian  cancer.  Science,  277:  965-968,  1997. 

2.  List,  H.  J.,  Reiter,  R.,  Singh,  B.,  Wellstein,  A.,  and  Riegel,  A.  T.  Expression  of  the  nuclear 
coactivator  AIB1  in  normal  and  malignant  breast  tissue.  Breast  Cancer  Res  Treat,  68:  21-28, 
2001. 

3.  Gnanapragasam,  V.  J.,  Leung,  H.  Y.,  Pulimood,  A.  S.,  Neal,  D.  E.,  and  Robson,  C.  N. 
Expression  of  RAC  3,  a  steroid  hormone  receptor  co-activator  in  prostate  cancer.  Br  J 
Cancer,  85:  1928-1936,2001. 

4.  Bautista,  S.,  Valles,  H.,  Walker,  R.  L.,  Anzick,  S.,  Zeillinger,  R.,  Meltzer,  P.,  and  Theillet, 
C.  In  breast  cancer,  amplification  of  the  steroid  receptor  coactivator  gene  AIB  1  is  correlated 
with  estrogen  and  progesterone  receptor  positivity.  Clin  Cancer  Res,  4:  2925-2929,  1998. 

5.  Reiter,  R.,  Wellstein,  A.,  and  Riegel,  A.  T.  An  isofonn  of  the  coactivator  AIB1  that 
increases  hormone  and  growth  factor  sensitivity  is  overexpressed  in  breast  cancer.  J  Biol 
Chem,  276:  39736-39741,  2001. 

6.  Tilli,  M.  T.,  Reiter,  R.,  Oh,  A.  S.,  Henke,  R.  T.,  McDonnell,  K.,  Gallicano,  G.  I.,  Furth,  P. 
A.,  and  Riegel,  A.  T.  Overexpression  of  an  N-tenninally  truncated  isofonn  of  the  nuclear 
receptor  coactivator  amplified  in  breast  cancer  1  leads  to  altered  proliferation  of  mammary 
epithelial  cells  in  transgenic  mice.  Mol  Endocrinol,  19:  644-656,  2005. 

7.  Torres- Arzayus,  M.  I.,  Font  de  Mora,  J.,  Yuan,  J.,  Vazquez,  F.,  Bronson,  R.,  Rue,  M., 
Sellers,  W.  R.,  and  Brown,  M.  High  tumor  incidence  and  activation  of  the  PI3K/AKT 
pathway  in  transgenic  mice  define  AIB1  as  an  oncogene.  Cancer  Cell,  6:  263-274,  2004. 

8.  Wang,  Z.,  Rose,  D.  W.,  Hermanson,  O.,  Liu,  F.,  Herman,  T.,  Wu,  W.,  Szeto,  D., 
Gleiberman,  A.,  Krones,  A.,  Pratt,  K.,  Rosenfeld,  R.,  Glass,  C.  K.,  and  Rosenfeld,  M.  G. 
Regulation  of  somatic  growth  by  the  pl60  coactivator  p/CIP.  Proc  Natl  Acad  Sci  USA,  97: 
13549-13554,2000. 

9.  Xu,  J.,  Liao,  L.,  Ning,  G.,  Yoshida-Komiya,  H.,  Deng,  C.,  and  O’Malley,  B.  W.  The  steroid 
receptor  coactivator  SRC-3  (p/CIP/RAC3/AIBl/ACTR/TRAM-l)  is  required  for  normal 


11 


growth,  puberty,  female  reproductive  function,  and  mammary  gland  development.  Proc  Natl 
Acad  Sci  U  S  A,  97:  6379-6384,  2000. 

10.  Kuang,  S.  Q.,  Liao,  L.,  Zhang,  H.,  Lee,  A.  V.,  O’Malley,  B.  W.,  and  Xu,  J.  AIB1/SRC-3 
deficiency  affects  insulin-like  growth  factor  I  signaling  pathway  and  suppresses  v-Ha-ras- 
induced  breast  cancer  initiation  and  progression  in  mice.  Cancer  Res,  64:  1875-1885,  2004. 

11.  Oh,  A.,  List,  H.  J.,  Reiter,  R.,  Mani,  A.,  Zhang,  Y.,  Gehan,  E.,  Wellstein,  A.,  and  Riegel,  A. 
T.  The  nuclear  receptor  coactivator  A  IB  1  mediates  insulin-like  growth  factor  I-induced 
phenotypic  changes  in  human  breast  cancer  cells.  Cancer  Res,  64:  8299-8308,  2004. 

12.  Lahusen,  T.,  Fereshteh,  M.,  Oh,  A.,  Wellstein,  A.,  and  Riegel,  A.  T.  Epidermal  growth 
factor  receptor  tyrosine  phosphorylation  and  signaling  controlled  by  a  nuclear  receptor 
coactivator,  amplified  in  breast  cancer  1.  Cancer  Res,  67:  7256-7265,  2007. 

13.  Slamon,  D.  J.,  Clark,  G.  M.,  Wong,  S.  G.,  Levin,  W.  J.,  Ullrich,  A.,  and  McGuire,  W.  L. 
Human  breast  cancer:  correlation  of  relapse  and  survival  with  amplification  of  the  HER- 
2/neu  oncogene.  Science,  235:  177-182,  1987. 

14.  Bouras,  T.,  Southey,  M.  C.,  and  Venter,  D.  J.  Overexpression  of  the  steroid  receptor 
coactivator  AIB 1  in  breast  cancer  correlates  with  the  absence  of  estrogen  and  progesterone 
receptors  and  positivity  for  p53  and  HER2/neu.  Cancer  Res,  61:  903-907,  2001. 

15.  Osborne,  C.  K.,  Bardou,  V.,  Hopp,  T.  A.,  Chamness,  G.  C.,  Hilsenbeck,  S.  G.,  Fuqua,  S.  A., 
Wong,  J.,  Allred,  D.  C.,  Clark,  G.  M.,  and  Schiff,  R.  Role  of  the  estrogen  receptor 
coactivator  AIB1  (SRC-3)  and  HER-2/neu  in  tamoxifen  resistance  in  breast  cancer.  J  Natl 
Cancer  Inst,  95:  353-361,  2003. 

16.  Shou,  J.,  Massarweh,  S.,  Osborne,  C.  K.,  Wakeling,  A.  E.,  Ali,  S.,  Weiss,  H.,  and  Schiff,  R. 
Mechanisms  of  tamoxifen  resistance:  increased  estrogen  receptor-HER2/neu  cross-talk  in 
ER/HER2 -positive  breast  cancer.  J  Natl  Cancer  Inst,  96:  926-935,  2004. 

17.  Kirkegaard,  T.,  McGlynn,  L.  M.,  Campbell,  F.  M.,  Muller,  S.,  Tovey,  S.  M.,  Dunne,  B., 
Nielsen,  K.  V.,  Cooke,  T.  G.,  and  Bartlett,  J.  M.  Amplified  in  breast  cancer  1  in  human 
epidermal  growth  factor  receptor-positive  tumors  of  tamoxifen-treated  breast  cancer 
patients.  Clin  Cancer  Res,  13:  1405-1411,  2007. 

18.  Siegel,  P.  M.,  Dankort,  D.  L.,  Hardy,  W.  R.,  and  Muller,  W.  J.  Novel  activating  mutations  in 
the  neu  proto-oncogene  involved  in  induction  of  mammary  tumors.  Mol  Cell  Biol,  14:  7068- 
7077, 1994. 

19.  Guy,  C.  T.,  Webster,  M.  A.,  Schaller,  M.,  Parsons,  T.  J.,  Cardiff,  R.  D.,  and  Muller,  W.  J. 
Expression  of  the  neu  protooncogene  in  the  mammary  epithelium  of  transgenic  mice  induces 
metastatic  disease.  Proc  Natl  Acad  Sci  USA,  89:  10578-10582,  1992. 

20.  Andrechek,  E.  R.,  Hardy,  W.  R.,  Siegel,  P.  M.,  Rudnicki,  M.  A.,  Cardiff,  R.  D.,  and  Muller, 
W.  J.  Amplification  of  the  neu/erbB-2  oncogene  in  a  mouse  model  of  mammary 
tumorigenesis.  Proc  Natl  Acad  Sci  USA,  97:  3444-3449,  2000. 


12 


